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SUMMRY

Measurements were made in sideslipping flight at a M!ch number of
0.50 of the pressure distritnrtionover the horizontal tail surfaces of a
tracto~royellemdriven pursuit airplane, to determine the effects of -
gle of sideslip and propeller operation oq the tail-load distribution,
Measurements were also msde of the tail-load distribution cm the hcmizon-
tsl tail in steady un.acceleratedflight over a Mach nuniberrange of 0.30
to 0.79 end 0.30 ‘to0.74, res~ectively,“for the powez-on and powe~ff
conditions.

It is shown that the asymmetric tail loading results frcm a large
deorease in load on the blanketed tail and a smeJJ.increase of load on
the leading tail. Although, in general, the application of power at a
speed of 290 miles per hour results in am increase in the positive asyr
metric loading over the sidesli~le range, the effect is relatively
small as cmp=ed with that of sidesli~ angle, The asymmmtifc loads aad
torsional mcments at law speeds and zero sxgle of sideslip sre small and
unimportant even with power on. At high speeds in sideslipping flight,
the total fuselage torsion my beccme criticsl sipce the torsional mcment
due to asymmetric tail leading is in the ssme direction as that resulting
from verticel-tail loads. Critical bending moments may occur in left
sideslip on the left tail at moderate speeds and at the limit load
factor if the computed u~load does not inolude the increments in up-
load due to both propeller operation end angle of sideslip. ,The greater
negative total tail loads associated with an increase in sitleslipamgle
may result in critical be.lsnclngdownAoads at high speeds because of
the initislly high down-loads required to lmlence the airplane at zero
sideslip.

CcmpartsorLof the results vith limit values cchputed cm the basis
of ourrent _ specifications indicated that the calculated values of
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asymmetric tail load and the resultant -fuselage tom id nment are con-
servati,veas compared with the eqerhent+?d re~dts for Wittc~ flililht
conditions. The calculated root bending mament, however, mewbe mC on-
servati.veby as much em 25 percent as compared with the actual value
for criticaJ filght conditions. -

INTRODUCTION

Numerous structural failures of the tail surfaces of high-speed
military aircreft have occurred within recent years indicating a possi-
ble need for-modifying the existing design specifications. In order to
detxmmine in what respects existing Requirements were inadequate and to
provide data as a basis for any revisions or m~lfications deemed neces-
sary, m extensive tall-load investigationwas conducted on a typical
tracto~ropeller+riven pursuit airplane, in flight. fiess~e- distif-
bution measurements were made on the horizontal tail In steady unacceler-
ated flight (Az = 1.0), steady accelerated flight, steady sideslips,
and abrupt maneuvers. %eultfi of the testi made in steady unaccelerated
and steady accelerated fllght are reported In reference 1. This repurt,
the second of a eeries, presents the results cbtained In steady sldeslips,
(as measured in gradual dive pull-cuts), and shows the ohan$es In horizon-

N,

te.1-talllo~ding that occur as a result o&propeller operation and angle
of sldeslip. The asymmetric load, the root bendi~ moment, and the
torsion4 mcment, computed by the methods specified in the Wrrent-AWY

v

des@n requirements, are cu.uparedwith the expertiental.valuee at critical “-
conditions.

SYMBOIS

The following,symbols are used in this report:

free-etream Mach number

correct indicated airspeed

@ Z2+1)””’”’-1 * ,[( 1}
“milesper hour

Po

free-stream total preseure

free-stream static premmre

standard atmospheric prespure at sea Lewel
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MT
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CMT

cNt

c%

Cn

c

Pu

Pz

P=

pressure altitude, feet

airplane lift coefficient
(w’=)~

average airplane weight during test run, pounds
—.

the ratio of the net aerodynamic fcrce along the airplane z-axis
(positive when directed up-d) to the weight of the airplsme

free-stieam dynsmlc pressure, pounds per squere foot

horizontal-surface srea, square feet

horizontal-bail span, feet

total air load on horizontal.tail (NtL + NtR, pos~tive when

load is acting upwerd), pounds

asymnetiic tail load (N% – N%), pounds

torsional mcment on fuseiage due to horizontal-tail loading
(positive when mcment is clcckwise as seen from resr),
pound+eet

root lending mcment (positive when mcment is clockwise as
seen frcm rear), foot-pounds

torslmal-moment coefficient
(=) ‘

N-t
tail normal-force coefficient

()

.-

=

G)root bending-mcment coefficient —

section normal-force coefficient .

local tall chord, feet

pressure on upper stiface, pounds per square foot

pressure on lower surface, pounds per square foot

resultant pressure coefficient
(p’ i ‘u)

.—
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Q
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T

Tc

D

EN
t~

‘c%

AG&

5~

$

propeller torque, pound+feet

propeller=-torqueccmfficient —
)(2*;’

propeller thrust, poL@s

propeller--thrustcoefficient
(
-1.-)
2qD2~

propeller diameter, feet- -

13Nt~ “- cHtA

(power on) 1(power.off~ CL

..-
-1

c% –c

(power on)
%

I(power off~CL
--

‘(power on) 1– ‘(pcwer off) ~- 4

elevator ange
fran thrust

sideslip angle

J u~

(pok3itive iheri traiiing”eil~e
SXkl

(positivewhen rightiwing is

Subscripts

w wing

t horizontal tail

L Left

R right ,..- .

A asyzunetric

D~~CR~~()~ OF -W

-.

is down), degrees k

forward), degrees ?.

-.

.-

—

-- —

The toet airplane is a single-engine, interceptor-pursuit,low-wing
monoplane driven by a tractor propeller mid equipyed @th a retractable
tricycle landing gear. .Figures1 end 2 are photographs of the airplane
as instrumented for the flight tests; figure 3 is a three-view drawing
of the airplane. Pertinent specifications of the horizontal tail SUP

:

faces are as follows:
.
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“Span, ft . . . . . . . . . . . . ● *.**.***””””””’” ~3*o
Area, Bq ft.*.*... ● “*=* ***. *****~ “8~”””40”99

.Alrfoilsection . . ● . . . . . . . * . . . . NACA approx. 0010 ta ~C6
(fig. 4 of reference 1)

Stabilizer setting (relative to atcplane thrust =is), deg. . . , . 2.25
Elwatw area (including 4.3 sq ft overhang balamce), sq ft . . . 16.83

Nominal deflection. . . . . . . . . . . . . . . ● ● 35° Up, l~” down
Dihedral aagle,deg. . . . . . . . . . . ... . . . . . . . . . . . . .0 ._

Further detail.specifications of the test airplane may be obtained from
reference 1.

—

INSTRUMENTATION AND PKECISION

A 6C-ce~ pressure recorder located in the rear section of the fuse-
lage betweer.the oil tank and the baggsge compartment was used to measure
the resultant pressures over the horizontal”tail at the locations given
in table I and shown in figurek. The precision tith which the pertinent

* .
quantities were believed tobe maasured in th~ tests 1s indicated in the
following%able:

‘i .’ .—

Item

Normal accoleratkm

Elevator angle

Sideslip ar!!le

Airspeed (to 200 mph)

(above 200 mph)

Altitude

Tall load (low speeds?
unaccele~ated flight)

(high speeds, acceler-
ated fltght)

Estimated precision

w.a~g

..*0*5(30

+1.0 o

*2j$percent

*1A percent

*3C0 feat,.

*5O pounds
,-

+100 pounds
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The pressure-lag characteristics of Q@cal. horizontal tall lines were & *
vestigated, end It wae found that the lag was negliglkle for the rates of
pressure change encountered in this investigation. Other instrumentation
~f the test-a–~lane and the precision of tie
as given in reference 1.

FLIGHT PROGRAM

measwemente were the same

With normal rated power (39 in. Hg and 2600 rpm) at a yressure
altitude of-15,000 feet and at ~ indicated airspeed of 290 miles per
hour, runs were made at sideslip angles of.approximately 0°, 5° left,
10° left, 5° right, end 10° right. All tliese.testswere performed by
pulllng out gradually frcm a shallow dive while attempting to-maintain
the sldeslip angle requested. Test~ were r~peatid, power off, with
the engine fully throttled and the propeller in high pitch.

Tests, which were made for obtaining data given In reference J.,
were aleo used for the present report. The teste used were those run
in steady unaccelerated flight tith wings level? power on, full throttle k

and 3000 rpm at a pressure ~~titude of 1~,000 feet and at indlcatid alr-
.

speeds ranging from 170 to akmut 46o miles per hour. Tests were repeated,
power off, with the indicated airspesd varyi.rgfrcm 1~0 to about 430 miles +

per hour.

Curves taken frcrnreference2 showing the variation of brake horse-
power (as detezmlned by reference to-ergine power.charts) with pressure
altitude, end the variation of propellerblade angle and engine speed
with true airspeed are shown in fi~e ~ for the er~ine power sett~s
used for these tests.

All tests were made with the center of gravity loca~d at 30.3 per-
cent of the mean aer~c chord.

RESULTS AND DISCUSSION

Reductim of Data

Although the results presented m this report-were obtained In gradu-
al diTe pull-outs, they are treated as though obtained in @teady Gideslips.
This is felt to he justified since the positive pitchlnq accelerations dur- ‘ .
ing the pull-outs were small, and no consistent relationship was found be-
tween the scatter in the data arid“themagnitude otihe negative pitching
accelerations oltained during recoveu from tho pull-outs. ●
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b the analysis of we data referred to in reference 1 and h the
subsequent discussion end analysis in this report, the term ‘:steadyun-
aocelerated flighttrdenotes steady flight at a normal acceleration of lg.
It is believed that this use is justified even at diving syeeds because
the magnitude of pitching veloci~ necessary to result h a normsl acoel=
eratlon of lg was negligible.

C!hordwieeand span~se load@.– The resultant pressure coefficients
for each orifice station were plotted against tall chord for seleot&d
time points during each test run to obtain the chordwise distiiktitlonof
the tail load. Mechanical integration of the chordwise load- gave the
variation of load cnc across the tail span. Sane t@cal chordwise end

spanwise distributions are shown in figures 6 and 7. These f@res x&e-
sent the power-on and powe=ff pressure distributions, respectivel.y$at
maximin left, zero, and maximum right eidesltp angles for lift coefficients
of approximately 0.20 and 0.80. The effects of sideslip angle * power
nqyhe readily seenby ccmpering corresponding dgs~ibutiona in f@ures
6 and 7.

●
Time histories of pertinent variables.- The ?mmnal+oroe coeffi-

.. cients and root bendin~oment coefficients for each side of the tail
were detemnined by integrating the ~anwise distributions of enc.

1 Selected time histories of these coefficients end the derived aaymmetric-
load and torsional-mcment coefficients are presented in figures 8 and 9.
Also included in these figures are t- histories of other pertinent
quantities such as elevator sngle, sidesllp sngle, lift coefficient,
acceleration factor, and Indicated afrspeed, Figure 8 s~ows the p~er-
on data for,runs in which sideslip emgles of 12.3°, +2.2 , and -6.4
were attained at the time that the mexhmun normal acceleraticm was reached.
The powe~ff data me presented in fi$ure 9 for sideslip angles of 10.5°,
0.7°, end -12.0°. From figures 8 snd 9, and similar figures not $ncludecl
in this report, most of the subsequent figures were derived.

Effect of Sfdeslip and Power on Tall L&ads

Left- emd r~ht–tail loads.- At time points corresponding ~ l~t-
coefficients of 0.20, 0.40, O.@, end 0.80 the values of lef+ and right-
tail normal+orce coefficients w&e determined for each test run and plot-
ted against the corresponding values of sideslip angle. (See fig. 10.)
There is considerable scatter of data preseated i.nfigure 10 and in a sub-
sequent figure stiilaly derived (fig. 18), especially for the powe~ff

● data at the higher lift cmfficients. Thfs probably resuJim from the fact
that since some of tb pull-outs were’not made as gradually as others
(figs. 8 and 9), thtiaccuracy with which the times were cocmd~nated for

. the different instrument records varied frcmrun to run.
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It is clesrl.yseetiin f.igvye, 10 .t&t the lea&kg tail e~eriencos v
ccefflcier.t.as the sideelip.relative= small changBa In.nerm@ %%roe

&@.e is iuoreased, whti.econslderatiledSCYWa&& of,Jbsd .cm he blankete~
tail are noted. Since”these ,IWM-@&Cal changes of normal-face coeffi-
cient sre similar for .’buth.the.,-powp~n.and pgweq-off conditions, it ,a~

.-

pears that changes in air flW over the horfz~t~ tail due to the yawed
.

fuselage and vertical.tail are the principal factors effecting the8e
ch~e~’ Of load with sideslip, P&,:-S j~s of the leadin&edge @’&Sl. UWS

—

for the power-on and yowe~ff..ccnditic~ shbwed’the exis~ence,of a,,ptropg
ldoalized .downwashfield:k@eEd@. mrer alout 2 fee,t of @an. At zero
siddslip’angle this field was,:centered.approxima@ly at the fUf3el’SgOCe@Xr
3%k and, as tho sideslip.ar@e,~WELSincreasmi in either direc~ion~ me@!
progressively outboard,on the,trailing tail. The locat16n appem”d to be
independent of ,Y.oth~ower a“nd.Ifit “coefficientat +&e test’.spe&d,Bince
with increasing sideslip”&@e @&’ dowrkash field IUOVmi&tboArd of.-th=
fuselage center ,lineappro~~wly the same amofit for all the”*est cbn-
ditiorm. Unfortunate~, tlip,d~lk‘wereinsufficient topermit qlkr.ti.titive
application of these re~tits.“ A cross pl~t–of the values ih figure 10”.’
was made so that the pGwemn and powez-off results could be moro,readily
ccm~ared. FigWe 11, .wkichresul~ed, shows the variation of lef+— and
right-tail nomiaJ-forcq’coeffis.i.gntewith lift coefficient at mamrid. aE-

&

gle~ of sideslip. kl.t@~ih,the po&r effecte are ‘notlarge b~cause bf
the low Ve,lMS of tkkikt ccefficient ad torOue coefficient (ahQut 0.016
end 0.008, reep&t~ve17$ at an indicated speed of 290 mph); the applicatlm

v

of ~ower resuZ’t&d,:k,@mxeal; in higher positive load cWffis ien~s on..&
left tail tid.lowtifijp’&iti%” “VSLUSSon the right~tail~~over.the @ldeelfp_,
SX@e rar@e te%.ed~.’~!‘ ,,:;,::,I ., . ;:. :: :.,:,..... . J.

.!, ‘“:

Total tail loud S.- &b. vtiiation with sidisiip:.a&&’<of;‘thi,tO~
tail.normal-force Goefficlent py’esenljed in figure 3.$2 T@s o~t&ine& %y ,

combinipg~the lef’t”“d Yight marmal-force.coefficients,sho,wnin..figyre .
10. The decrease in the’value of CNt indicates an lnc~e.asein the

,.
nose%own pi&h”&’ kxwnt of the airplane without tiil‘“Asthe &ide81fp
angle was increased in either direction.

-—

The data h figure lk(a) of referenoe 1 showed a treriitward. critical
—

balancing dqtn-loads on the tail at high Machnmbers, and thede.taOf W
report (flg. J&!)indicate that incrsaeing .down-leadsfor balanoe were re-
@ir.&i SB the sideslip angle was hneape~. The&efore, the ‘varlaticq:of
total tad lead with sideriltpangle at e~veral values of ~lift coefficlent
,for ‘s@ai!y~e.ocelerat$d flight (Az = 1:0) “wasde+%rmtied by ccmbinhg

.these data,,’The”’validity‘ofthe c~es Is baqed cm the assumption *hat
the slq.e,o: the cpzwe,of p,itchi~oment cqeffic~gnt v:~stissideslip ●

angle f@ the’tspt .ai@lBzM with tail.off dcas not change’‘withMach nuder. “”-
%? tby?e curves ‘infigme ’13’ exe givt+nfor ‘thehighest power-o?,~anclyower-
off test speeck in-iefer?e~ce’1 (Vi = 463 mph; CL =’~,C69; Vt”= .428“@; ●

CL . ().080,resPectlv&) “ad for”%M’ t&6t i~eed.attifch ~fde81~tidab
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were obtained (Vi = 290 mph; CL = O-171)C me ‘ah ‘or ‘he ‘.@bSt_ ___

speed (M = 0.79; CL = 0.069) in figure 13indicate that about 850

pounds greater down-load ie required for balance at either 10° left m
right sideslip than at zero sideslip.

Asymnatiic hXldS.- The falred curves presented in figure 10 wera
combined in figure 14 to givethe” variation of asymmetric-had coeffi-
cient with sideslip angle at two values of’lift coefficient. As expectad,
at zero angle of sidesllpl the p,oweemn asptric-load coefficients ware
more positive than the pwe=ff coefficients. The difference between
powez-on ard power-off coefficients, however, tended to decrease with
increasing sideslip, particularly at large angles of right sideslip.
Figure 14 also shows that the highest asymnatiic-lead coefficients were ‘
obtained at the lower values of lift coefficient, more so in right than
in left sideslip. ,.

The v~~mtion of asymwtric-lead coefficient with lift coefficient
in steady unaccelerated flight (fig. 15), end the variation with indicated
airspeed of asymmetric load (fig. 16) were derived frcm the data ccmpiled
in reference 1. These figures show that there was a decrease in asym-
metric load with speed corresponding to a decrease in power effects
(slipstreamrotation) up to an Indicated airspeed of about 380 milas per
hour (~ = 0.10). At higher speeds the asymmetric loads increased rap-
idly indicating that other factors besides power were affecting tie tail.-
load asymmetry.

The variation of asymmetric loads with sideslip angle for seyeyal
values of lift coefficient in steady unaccelerated flight, as shown in
figure 17, was determined frcm the power-on data in figures 14 and 15.
me use of curve f~ CL = 0.20 in figure 14 at higher speeds is based

on the assumptions that,(1) Mach number effects on the s-lopeof the
CNtA versus P curve were negligible and (2) CL and power kad no - .

appreciable effect on tlm slope of’the CNtA vereus p curve at level

flight speeds higher thsrithat corresponding to ~ = 0.20, The da+= of

reference 3 shGwed the latter assumption was .Iustified. In fi~ure 17 it
is shown that the maximum asynmetri~ load wili
In left stdeslip. The asymmetric loads at low

higher) are relatively small and udmportant.

Effect of Sideslip and Power on

Tail root bending mmnents.- The variation
root bending-mcment coefficients with sideslip

occur at high s~eeds &d” ..=
speeds (CL = O.1~1 and

Tail Moments # —

of the left- and righbtail
angle was determined for
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several values of lift coefficient and is presented in figure 18. Corre-
sponding to similar variations in normal-foroe coefficient, the data
show that as the sideslip angle was increased marked changes in tail load-
% wcurred only for the blanketed side of the tail, while the leading
tail experienced only a slight increase in root bending mcment. The
rfghtiail root bending moments, however, started to decrease at angles
of right sideslip above about 5°, particularly for the poysz--offc6n-
dltion.

.,

A cross plot of figure 18 ohowlng the variation of left-and rtght-
tail root bending-mcment coefficients with lift coefficient for several
angles of stdesllp Ss #res&nted as figure 19. In gener~,, the effect
of lower was to increase theleft-tail moments and decrease the right-
tail moments except in the case of the %lanketid tail at high sideslip
angles where the power effects disappeared or reversed. “

Faired curves in figure 20, which show the variation of lateral
center of pressure on the horizontal tail with side-sllp angle, ware
obtained by ccmbinlng the curves of fi~es 10 and 18 for a lift coeffi-
cient of 0.80, For positfve loads on the tail there was a tendency for
the center of pressure to move outboard as the lift~oefflcient was de-
creased; nevertheless, this was not considered‘acriticsl trend toward
maximum bending mcmerits)since the tail loads would not be a maximum
for the same conditions for which the center-of-’pressuredistance was a
maximum. Figure 20 shows that as the sideslip angle was increased, the
center of pressure moved inboard on the blanketed tall while it remained
practically constant on the leading tail. Therefore, at hzgh angles of
sfdeslip, greater bending mcments than those predicted assuming symme~
rical loadhg may be experienced by the leading tail due to the Increased
loads.

Fuselage torsimsl mcments.- T%.s~~iation of Fuselage tOrsiollal-
mcmsnt coefficient with sideslip angle for two values of lift coeffi-
clont (fig. 21) was obtained by ccmhini~~ the values of left- acd righti-
tail root bending-mcment coefficients in figure 18. It is shown that
the effect of power ws to inorease thm pcsltive torsional mment at all.
except the highest angles of right sidesllp. It Is apparent that chang-
ing CL in the constant-speed accelerated flight had no appreciable
effc3cton the fuselage .~orsionalmcment~—

The torsfonal.-jnomentcoefficients for several valuas of liftcoef’fi-
cient in steady unaccelsrated flight in figure 22 and the v&riaticn of
torsional mcment with indicated speed in steam Unaccelerated.flight In
figure 23 were derived frcm the data of reference 1. As previously
noted fcr the aeymnetric”~oads,power...effectE,which resulted In posi-
%ivo torsional ments, diminished with increasing speed up to a speed
of about 380 tiles per hour (CL= 0.10). Above 380 miles yer hour,

the torsional mcments beoenm more positive with increasing speed more eo

r

*

f
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with power on than with power off. Figure 24 shows that ths torsional
mcment and as~et.ric-load coefficients were proportional mainly to
power (slipstreeinrotation) up to s~eeds corresponding to a A% of --

about 0.010. At higher s~eeds, power resulted h only secondary effects
on C% and CNtA.

Frcm the power-on data given in figures 21 and 22, the variation of
torsional mcment with sideslip emgle for ~everal values of lift coeffi-
cient in steady unaccel.cratedflight was obtained. Although the slopes
of the curves in flsure 21 are for a Tc of about 0.016, their use at

-.

higher speeds (end lower Tcts) does not entail appreciable error be-
cause of the relatively small changes in Tc and Qc at speeds higher

than 290 miles per hour. lb results presented in figure 25 show tmt
the maximum fuselage torsional monwnt will ~ccur during a high-speed
pull-out when appreciable sideslip may be inadvertently developed. The
torsional moments at indicated speeds of 293”miles per hour or lower
(CL ~ O.171) are relatively -i and unimportant. .

Compaiscn of the Calculated Loading with Experimental Results

Current .&my design specifications require that, “the horlzon~
tail surfaces, attachment fittings, and carry-through structure shall be
designed for an uns,-trical lead condition where the load on me side
is the maximwn load for that side obtained frcm any CGnditiL~ while the
lead on the other side is the lead frcm the foregoing condition multiplied

/

(

n “

J
%y the factor 1 –— where n is the I@it maneuvering load factor

. 7*3
for whtch the airplane is des@ned.” The condition for winch mw~
leads would be experienced was determined from reference h wkere it was
shown that the maximum mszeuvering load (an up-load) would be encountered
at sea level and at a speed corresponding to the upper left-hand corner
of the V-g diagram (about 290 miles per hcur f& the test airplane) and
with the center of gravity located at the stick-fixed neutral point.
For this report, however, the meximummaneuveri~ tail load was calculated
for an altitude of 15,000 feet and for the test center-of~avity position
of 30.3 percent @f the mean aeraiynsmic chord. Thfs was done to provide
a consistent basis for ccmpsriscn with the experimental results. Frcm
reference h it was found.that these detiatlcns frcm the specifications
Yesult In less than a l&percent decrease in the maximum computed maneu-
vering tail load. Assuming an elevator moticn (fig. ‘~), the naxiguun
tail-load increment frcm zero load factor was determined by the method
of reference 5. An increment of tail load of 5120 pounds was o%tained
corresponding to a change in load (acceleration)factor of 7.2S. Since
the ca,lculate dbalancingtaillcad at 290’miles per h~ IS.-362 po~ds
(reference 1), the llmft tail lead for the ccnditicn Investigated is

—
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4754~8 pounds, and the limit asymmetric tail ,loadis 2379 ycmnds a .
(9

The limit root bending moment of 6840 foot-pounds”and torsional moment
of 6840 pound-feet were obtained ly multiplying one-half the maximum
load by the calculated lateral distance to the center of pressure of
2.875 feet.

The limit values of asymmetric load, root bending moment, and fuse-
lage torsional moment are compared with experimental values for several
conditions in table II. These conditions werechoeen to bracket the
maximum possible asymmetric loadi~ obtainable in flight for the test
airplane. The procedt.u-eused to,eval~te ~he”e~erimental values of
asymmetric load, root bending mcment ‘and-fuselagetorsional mment for”
comparison with the limit velues is outlined in the appendix. It should
be noted again that the validity of the values of asymmetric load and
torsionalmoment speeds higher than 290 miles per hour deyends on”the
assumption that there is no change in slope of the CNtA versus B and

Cm versus B curves wi~ Mach number.

Although the table shows”that the limit asymmetric load and fuselage
torsional.moment are conservative as compared with the maximum experi-
mental.values, the dssign root lending moment underestimates the actual
value on the left tail by almost 25 percent as the calculated center of
pressure is in%oard of the actual value, and the limit loed is less than
the experimental load on the left tail.

CONCLUSIONS

Frcm an analysis of the horizontal tail loading obt&ed in several
~conditimm of flight on a tracto~propeller-driven p~suit airplane and
from a compai.son of the experiawntal remits with limit “valtisccmputed
on the basis of current Army specifications, several conclusion~’mqybe
tiawn. Although based on results obtained on a epeclfic test airplane,

‘ theme conclusions which follow are believed to be quslitati,velyappli-
cable”to.,airplanes of the”same general.conf.igura%ionas the tegt airplam .

.,
1. The changes in horizontal tail loading due to sideslip arise

frczna,large decrease in load and bending moment on the blanketed tail
--

and ,asmall increase of lead and bending mczuenton the leading tail..
These change8 are relati~ely Independent of power and lift coefficient
at speeds of about 2.90miles per hour.

—.

●

i

—

2. The @syumet.ricloads and torsional maments at low speeds and
zero angle of sideslip are’unimportant even with power on.

.
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3. For large angles of sideslip at high speeds~ the total.fuselago
torsion may beccfnecritical since the tarsional moment due to asynmetrio
tail lb~s is in the acme direction ae that reaultdng fz%m vqrticel-tai,l
lo~dE●

4. Critical bendtng moments may cccur on the left tail in left “-
sldeslip at moderate speeds and at tineltiit load “factor (upper left-~ ‘
cmner of the V= diagrsm).if t}~ limit u~load on the left tail does not ,.
include the incremgritsin load due to both the asymmetric lead existing
at zero sideslip and that due to an increase in sideslip angle. (Fcx
the test airplane, the lateral.center of pressure remained practically
constant on the leading tail and moved inbcard on the trailing tail with
an increase in sideslip argle.}

5. Criticel belancing down-loads on the tail may uccur at high
speeds in sideelipping Un,aoceleratedflight because the $ncaxnents of
negativo total tail load with sideslip angle add to the initially high
down-loada required to balance the airplane at zero sideslip.

6. me calculated values of a&xmetric tail load and fuselage
torsional.mment due to asymmetric tail leading em ccns&vative es ccm-
p=ed witk the experimental values for critical flight conditions.

7. ‘I!he calculated root bending mcment maybe unoonservative by as
much as 25 percant as capered withtke actual vsluo for criticel fliglf~ ‘
conditions.

Ames Aeronautical Laboratory,
Natfcnal Advi8@ry Ccmm~~tee for Aeronautics,

Moffett Field, Celif., October 1946.

APPEN3.)IX

Evaluation of 3?lightLoads for %rioue Conditions

Asymnetiic loade.– The asymnetr~c loads in steady un,accelerated
flight for values of CL of 0.171 and C1.C6~were taken directly from

figure 17 of this repcrt. Ip order to determine the asymmetric load for
@ = 1.25 (Vi = 290 ~h) and ~ = -l@ in accel’e>atidflight (Az ‘=7.33}
It was necessarg to use the cHtA V?msqs D“ ~~e ~ora CL of 0.80 h

figure 14 since no data were obtained at much higkr”velues of CL: The-.
use of this curve was justified as the a.~il.ableda% showed relatively
SMSXI.changes of CNtA with CL, The difference in NtA of 34,3pounds

corresponding to a difference in CNtA of Q.40 bstween C)”and -10° side-

slip was added to the qsztric load at zero sid&lip (435 lb frun fig.
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29 or reference I) resulting in an asymmetric lead of 778 pounds for the
condition considered. In an analogoue manner, thn asymmtxlc loads for
CL = O.~1 (Vt = 463 mph) at P =-5 o and -10° were obtained by adding

the difference in NtA ccmrespondlng to a difference in cNtA between

0° and fro) and 0° and --10°,
..

r~sPeGtivelyJ for an lntOrpOkted CL of

0.51 in figure 14 to the asymmetric load at zero sidesllp obtained frcm
figure 29 of reference 1. There is obtaine~

%. =545 + 840 = 1385 pounds

and

Root bending mcment.- The root bending mcment in steady umacceler-
ated flight at 290 ?nIlesper hour and –lOo sideslip was determined &cm
the value of C

~ given~th
e power-cm curve for CL = 0.2 in figure

18. The first step in obtaining the bending mmnent for CL = 1.25
(vi= 290 mph; AZ = 7.33) and P = -100 was to determine the lef.t-tail—
load corresponding to these conditions. (The left tail Is used since
it eqeriences the higher load in left sideelip.) Me cal.etiated load
of 4758 pounds was assumed for the eqerimental total tail load at zero
sideslip, since experimental. data for shilar ccndlticns were not availa-
ble. The asymmetric lead of 435 pounds obtained from figure 29 of
reference 1 was apportimed symmetrically over each side of the tail;
that is, the left-tail load was increased by =8 pound~ and the right–
tail load reduced.by a llke amount. Applying this dissymmetry to the

4~8 pounds,
4758

there is obtained a load of — +~8= 2597 pO~ds on
2

the left tail at-zero sideslip. From the power-on @ltL versus P

curve for CL = 0.80 {assuming, as before, untiportant changes frcm
CL = 0.80 to CL = 1.25) in figure 20, an increase In CNtL of 0,0L3

from 0° to -10° sideslip wgm obtained corresponding to an increase h
left-tail load of l~,pounds. Therefore, the left-tail load for the
condition Investigated is 2597 + 111 = 2708p0~d9. Wtiplym tJIis
value by the lateral center of pressure at i3= -10° (3.24 ft from fig.

i-—

20) gives a root bending moment of 877o f’oot-pounds.
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Torsional mcments.-
flight for values of CL

15

The torsional mcments in steady unacceleratad
of 0.L71and 0.c69were oMain.ed directly .—

frcm figure 25. In amanne~ shilar to that used for determinir~ the
as.~etric loads, the fuselage torsional moments for CL = 1.25 (VL = _

2xmph; AZ =.7.33) were derived frcmf%~e ~ of this report and ‘~. ._—
ure 30 of reference 1.
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Figure 1,- Three-quarter rear view of test airplane.
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Figure 2.- Top view of test airplane as instrumented for ___ ._
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